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Objectives: Variations in coronary anatomy are common and may relate to the
position of the coronary ostium relative to the aortic sinus, the angle of coronary
take-off, or the course of the coronary arterial branches. Several classification sys-
tems have been proposed. However, they all lack a simple rationale that is appli-
cable irrespective of the relative position of the great arteries, as well as in
bicuspid aortic valves. We present a modification of a relatively simple system
introduced in the early 1980s, designated the ‘‘Leiden Convention.’’
Methods: The first step of the Leiden Convention is that the clinician takes posi-
tion in the nonfacing sinus of the aorta looking toward the pulmonary orifice. The
right-hand facing sinus is sinus 1, and the left-hand facing sinus is sinus 2. The
coronary branches arising from sinus 1 are annotated proceeding in a counter-
clockwise fashion toward sinus 2. ‘‘Usual’’ (normal) coronary anatomy would
be 1R-2LCx. Given their clinical relevance, single sinus coronary arteries are dis-
cussed separately.
Results: This system was originally designed and highly applicable in hearts with
an altered great artery relationship, such as in the variable and complicated pat-
terns seen in transposition of the great arteries and double outlet right ventricle.
Themodified system also can be used in cases with normally related great arteries,
cases with single sinus coronary arteries, and cases with bicuspid aortic valves.
Conclusions: The modified Leiden Convention is not a strict classification but a
simple coronary coding system that is broadly applicable. (J Thorac Cardiovasc
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to the article title
The Journal of Thoracic and Cardiovascular SThe modified Leiden Convention coronary coding
system.uCentral Message
The Leiden Convention is a coding system that
is applicable in hearts with variable and
complicated coronary patterns irrespective of
the position of the great arteries.Perspective
The Leiden convention can be applied in cases
with CHD, including BAVs, as well as in struc-
turally normal hearts. Single sinus coronary ar-
teries are included and discussed as a separate
group.See Editorial Commentary pageXXX.Coronary arterial origin and course of the proximal main
stems can be important indications for analysis of cardiacpatho-morphology. In the morphologically normal heart,
there is a fairly consistent coronary pattern consisting of 3
main branches connected by way of 2 orifices to the semi-
lunar sinuses of the aorta. The left coronary artery (LCA)
arises from the left sinus that, taking a curving course pos-
terior to the pulmonary orifice, divides into a left anterior
descending (LAD) and a left circumflex (LCx) branch.
These branches run subepicardially in the anterior interven-
tricular sulcus and the left atrioventricular sulcus, respec-
tively. The right coronary artery (RCA) connects to the
right sinus and runs in the right atrioventricular sulcus.1code will take you
page.
rgery c Volume-, Number- 1
Abbreviations and Acronyms
BAV ¼ bicuspid aortic valve
CHD ¼ congenital heart disease
DORV ¼ double outlet right ventricle
LAD ¼ left anterior descending
LCA ¼ left coronary artery
LCx ¼ left circumflex
RCA ¼ right coronary artery
SCD ¼ sudden cardiac death





Congenital Gittenberger-de Groot et alFrom the LAD, LCx, and RCA, several marginal, septal,
and diagonal branches arise that enter the myocardium
and perfuse the septum and free wall of the ventricles.
Smaller separate branches are important for perfusion of
the sinoatrial and atrioventricular nodes. They usually orig-
inate from a main branch that is closest to the respective
node, although diversity in branching patterns is found.2,3
As a general rule, coronary arteries will never cross over
other coronary artery branches in their course.MATERIALS AND METHODS
Variations in Sinus Terminology as Related to
Position of the Great Arteries
Variations in coronary anatomy are commonly encountered and may
relate to the position of the coronary ostium in the aortic sinus, the angle
of the coronary take-off, and the course of the coronary arterial branches.FIGURE 1. View from above. A, Influence of positional changes of the great ar
of the aortic valve, 2 sinuses can be recognized facing the pulmonary valve. Th
ambiguous numeric terminology that is not influenced by relative position of the
the aortic orifice: I ¼ right posterior, II ¼ right side-by-side, III ¼ right anteri
Pu, pulmonary.
2 The Journal of Thoracic and Cardiovascular SurgerSpecifically in case of congenital heart disease (CHD) involving the cardiac
outflow tract, variations are seen in origin and branching patterns.1 This is
evenmore sowhen there are variations in the relative position of the orifices
of the great arteries. In the normal situation, the aortic orifice is located
right posterior with regard to the pulmonary orifice. In cases of CHD
affecting the outflow tract, the position of the aorta may vary from right
posterior, to right side-by-side, to right anterior, to frontal, or to left anterior
as related to the pulmonary orifice (Figure 1, A). When evaluating the po-
sition of the aortic valve leaflets with regard to the pulmonary valve, regard-
less of the position, 2 sinuses can be recognized facing the pulmonary valve
(referred to as ‘‘facing’’ sinuses) and 1 ‘‘nonfacing’’ sinus (Figure 1, A:I
and B:I). In the aorta, the nonfacing sinus is often referred to as the ‘‘non-
coronary sinus.’’
To enable the proposed simple unambiguous coding, first a terminology
for the aortic sinuses was adopted that is independent of the relative
anatomic position of the great arteries and the position of the aortic orifice
with regard to the anterior surface of the heart. In this way, it has been
possible to avoid the change in positional nomenclature for the semilunar
sinuses when the aorta is not in its normal position with regard to the pul-
monary orifice, as is the case in transposition of the great arteries (TGA),4
congenitally corrected transposition, and double outlet right ventricle
(DORV). With a positional terminology for the semilunar sinuses, this
may lead to a myriad of variations (Figure 1, AII-V). The terminology
for the semilunar sinuses in the Leiden Convention is independent of the
position of the great arteries (Figure 1, BII-V). This is supported by cardiac
development, when the endocardial outflow tract cushions, present in the
initially unseparated outflow tract, become involved in septation. Neural
crest–derived cells form the so-called condensed mesenchyme separating
the future aortic and pulmonary orifices (Figure 2, A-D). At the level of
the orifices, 2 facing commissures are formed, 1 in the aortic and 1 in
the pulmonary orifice (Figure 2, B and C). At both opposite sides, 2
more commissures are formed between the intercalated (future nonfacing
leaflets) and the main endocardial outflow tract cushions (facing leaflets)
(Figure 2, B and C). This eventually results in the definitive aortic andteries on the description of the semilunar sinuses. Regardless of the position
ese are referred to as the facing sinuses, leaving 1 nonfacing sinus. B, Un-
great arteries: P, Posterior; R, right; L, Left; A, Anterior. Relative position of
or, IV ¼ anterior, V ¼ left anterior. Ao, Aortic; NF, nonfacing; F, facing;
y c- 2018
FIGURE 2. View from above. A, Unseptated cardiac outflow tract at the future orifice level, showing a large septal and parietal outflow tract endocardial
cushion and 2 small intercalated cushions. B, Septation of the orifice level with ingrowth of neural crest cells (green), in which 2 facing commissures (ar-
rows) are formed between the aortic and the pulmonary orifice (B, C). D, The definitive situation in which each orifice contains 2 facing and 1 nonfacing





Gittenberger-de Groot et al Congenitalpulmonary valves (Figure 2, C and D) with their typical position of the
commissures, including 2 facing commissures.
The general rule holds that the mentioned main coronary branches take
the shortest course toward an aortic semilunar sinus. This finding is sup-
ported by the developmental background showing that the coronary arteries
grow into the aortic sinuses instead of growing out.5,6 There is a still an
unexplained preference for the facing sinuses (99% of the cases),
leaving the nonfacing sinus mostly without an orifice of a connecting
branch (noncoronary sinus). Over time, molecular research in mainly
mouse models attempted to elucidate this phenomenon. A recent
publication is enlightening in this respect, because it shows a separate
developmental program guiding the LCA and RCA, however, without
explaining the preference for the facing sinuses of the aorta and the
avoidance of the nonfacing/noncoronary sinus.7
With the advance of corrective surgery for CHD and the introduction of
sophisticated diagnostic imaging techniques over the past decades, it has
become possible to document the coronary artery anatomy before correc-
tive or palliative surgery is performed. Specifically, the arterial switch pro-
cedure for TGA and DORV with subpulmonary ventricular septal defect
(Taussig–Bing malformation), requiring an additional transfer of the coro-
nary arterial ostia into the neoaorta, triggered an increased interest in var-
iations in coronary artery anatomy.8
A special group of coronary malformations concern the coronary ar-
teries arising from 1 coronary sinus. These are referred to as ‘‘single sinus
coronary arteries,’’ irrespective of whether there is only 1 shared coronary
ostium or more ostia lying close together in the same coronary sinus. Single
sinus coronary arteries can exist isolated or in the setting of other congen-
ital malformations. In contrast to the common variations encountered in
coronary anatomy, single sinus coronary arteries seem to be more clinically
relevant, especially when there is an interarterial/intramural course of aThe Journal of Thoracic and Ccoronary branch.9-11 Preoperative information is also of relevance in
patients with bicuspid aortic valves (BAVs).Principles of the Coronary Artery Coding System:
The Leiden Convention
Several classification systems have been proposed in the last 30 years,12
all lacking, however, a simple nonconfusing rationale that is applicable ir-
respective of the position of the great arteries, as well as in situations in
which only 2 valve leaflets are present as in BAV. In the early 1980s, we
provided a relatively simple coding system4 that was later on dubbed the
‘‘Leiden Convention.’’8 However, this system has a few flaws, mainly
because it does not adequately show the course of the coronary branches
(curving) around the great arteries. A modification to this system was pro-
posed13 but never made it to referenced literature. The modified Leiden
Convention, as is presented in this article, is applicable in hearts with an
altered great artery relationship such as encountered in TGA and DORV,
presenting with variable and complicated patterns, as well as in cases
with normally related great arteries, including BAV. Given their clinical
relevance, single sinus coronary arteries will be discussed as a separate
group.
For application of the Leiden Convention, as a general rule, an aortic
valve with 3 leaflets always carries a nonfacing/noncoronary sinus. The
first step of the Leiden Convention is that the clinician or researcher takes
position in the nonfacing sinus of the aorta looking toward the pulmonary
orifice and then referring to the right-hand facing sinus as sinus 1 and to
the left-hand facing sinus as sinus 2 (Figure 3, A). Independent of the po-
sition of the great arteries, this relationship is always maintained, thus
acquiring the desired simplification of semilunar sinus terminology
(Figure 1, B).ardiovascular Surgery c Volume-, Number- 3
FIGURE 3. Application of the Leiden Convention applying 3 subsequent steps (A-D) and additional information (E). For explanation, see text. Ao, Aortic;
NF, nonfacing; LCA, left coronary artery; RCA, right coronary artery; LCx, left circumflex; Pu, pulmonary; LAD, left anterior descending; R, right; Cx,
circumflex; L, left; BAV, bicuspid aortic valve.
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FIGURE 4. Variations in coronary anatomy in TGA, view from above. A, The most common form. B-D, Variations with a double sinus origin. E, Example
of a single sinus 2 origin. F, The clinically most hazardous form is shown with the LCx taking off directly behind the facing commissure from sinus 2 and
thereafter taking an interarterial/intramural course to the anterior aspect of the heart (indicated by an asterisk in the coding). The combination of L and Cx





Gittenberger-de Groot et al CongenitalThe second step is to simplify the description of the coronary ostium
(defined by the position of the visible orifice) and branching patterns of
the main coronary arteries. When describing the coronary anatomy ac-
cording to the Leiden Convention, the sinus number is indicated first (as
explained in step 1), and thereafter the coronary branch that arises from
sinus 1 is annotated proceeding in a counterclockwise fashion (step 2;
Figure 3, B). For a normal heart, this would be 1R-2LCx, indicating
the 3 main branches being the RCA (R), the LAD (L), and the LCx
(Cx) (Figure 3, B). The LCA, composed of the L and Cx (with or
without a main stem), does not have a separate annotation. To cover
variations in coronary orifice origin, step 3 is necessary (Figure 3, C
and D). The use of a dash (-) between artery branches arising from a
different sinus is applicable in all cases with double sinus origin
(Figure 3, B and C). When coronary artery branches share a common
ostium or stem, there is no comma (Figure 3, B) between the annota-
tions, whereas a comma is interposed when 2 (or more) arteries arise
separately from the same sinus (Figure 3, C and D). For instance, inThe Journal of Thoracic and Ccase of normal anatomy with an LCA as a main stem, the annotation
is 1R-2LCx, as described earlier. In case of an absent main stem (sepa-
rate origin of L and Cx from sinus 2), the annotation would be 1R-
2L,Cx. An asterisk (*) is provided for a coronary artery branch that
has an interarterial, often partly intramural, course (Figure 3, D). These
cases may clinically be most at risk of complications, such as sudden
cardiac death (SCD). Additional features such as a prepulmonary or a
retro-aortic course become evident when the system is applied conse-
quently and indicating the course of the coronary artery separately is
not necessary.
Finally, additional information (Figure 3,E) regarding associated anom-
alies and clinically relevant issues, such as an interarterial/intramural cor-
onary artery course, acute angulation, and position/height of coronary
orifices within the sinus, should be described. This is particularly important
to underline potentially harmful clinical findings, for example, during the
conveyance of medical information to the thoracic surgeon and other pro-





Congenital Gittenberger-de Groot et alCoronary Artery Coding in Transposition of the
Great Arteries and Double Outlet Right Ventricle
The proposed simple coding systemwas originally devised for TGA and
the Taussig–Bing malformation when the arterial switch procedure, initi-
ated by Jatene and colleagues,14 became the preferred surgical technique,
replacing the atrial switch procedures. In the arterial switch procedure, it
is necessary not only to switch the main great arteries but also to transfer
the coronary arteries to the neoaortic root (former pulmonary root). Coding
systems in which positional semilunar sinus terminology has been used,
combined with other morphologic characteristics of the coronary orifice
origin and branching patterns, could lead to as many as 28 variations.15
Because this was too cumbersome for practical clinical use, several more
simple classifications were introduced, mostly making use of an alphabet-
ical identification such as type A to D16 or of a numeric grouping with sub-
groups.12 The original ‘‘Leiden Convention,’’ using facing sinus 1 and 2
with an additional numeric identification, left 6 basic types, nevertheless
requiring memorizing the numerical indications.4
The modified Leiden Convention includes the course of the main
branches around the great arteries, resulting in a further redundancy of
the number of variations in the coding system. It is fascinating that a rather
stable pattern of coronary origin (1LCx-2R) exists in the most common
form of TGA with the aortic orifice in a right anterior position (Figure 4,
A) as observed in a series of 103 postmortem specimens with TGA
(Figure 5, A).4 In case of side-by-side great arteries, as often seen in
Taussig–Bing type DORV, the greatest variation in coronary origin like
1L-2CxR, 1R-2LCx, or 1RL-2Cx (Figures 4, B-D and 5, B) is to be ex-
pected,4 as if the coronary artery has difficulty in finding its shortest courseFIGURE 5. Frequency of variations in 103 cases TGAwith right anterior positi
subpulmonary ventricular septal defect (B), and anterior position of the aorta (C)
form (1LCx-2R) is found in cases with a right anterior position of the aorta. Of t
found in the most common position seen in TGA, being right anterior, and 2 cas
mostly encountered in DORV. NF, Nonfacing.
6 The Journal of Thoracic and Cardiovascular Surgertoward a facing semilunar sinus. In case of a frontal position of the aorta,
this variation is diminished because a shortest course is again clear
(Figure 5, C).
It is important that during surgical transfer of the coronary arteries, no
kinking occurs, because it may lead to hypoxia of the coronary arterial
myocardial perfusion area. Surgical risks are encountered in cases with a
single sinus coronary artery pattern.12 A surgical challenge is also found
in cases with an interarterial/intramural course (Figures 4, F, and 5, A
and B) of the coronary artery between the aortic and pulmonary orifice,
requiring an adaptation of the transfer procedure.12,17,18 These cases
often present with a double orifice from 1 sinus, with the interarterial
coronary artery originating from the opposite sinus (eg, an interarterial
LCA originating from the right sinus) and coursing directly behind or
most often just above the facing commissure of the aortic and pulmonary
orifices. In these cases, there is an acute take-off with a slit-like coronary
orifice while the first part of the artery takes an intramural course in the
wall of the aorta, where both the aorta and the coronary artery have a joined
media without a separating adventitia.10,19
Coronary Artery Coding Variations in Normally
Related Great Arteries
The estimated incidence of coronary anomalies in structurally normal
heart ranges between 0.1% and 1.0%, although this is difficult to estimate
because many variations are likely asymptomatic.10 Although the inci-
dence is low, unfavorable anatomy can have a high clinical impact, and cor-
onary anomalies are held responsible for approximately 20% of cases of
SCD in competitive athletes.20 A large magnetic resonance imagingon of the aorta (A), side-by-side position of the great arteries in DORVwith
(modified after Gittenberger-de Groot and colleagues4). The most common
he complicated cases with an interarterial/intramural artery (1LCx*,R), 1 is
es (1LCx*,R and 2RL*Cx) were seen in side-by-side great artery positions,
y c- 2018
Gittenberger-de Groot et al Congenitalscreening program found that 0.7% of the population had an interarterial
course. The origin of the RCA from the opposite sinus was 3 to 6 times
more common than an aberrant LCA.21 The coronary anatomy mostly
related to SCD is single sinus coronary anatomy, especially an LCA orig-
inating from the right sinus, that is associated with an interarterial/intramu-
ral course and acute take-off.10 When applying the modified Leiden
Convention in cases with normally related great arteries, this results in a
set of variations that is exemplified in Figure 6, A to F. Figure 6 covers mul-
tiple possibilities of the system but is not meant to be complete. As
described earlier, the abnormally located ostium of the LCA branch in com-
bination with an intramural course that specifically tends to cross above or
behind the facing aortic commissure carries the highest risk of sudden
death (Figure 6, F).10FIGURE 6. This schematic figure presents the most common variations in coro
situation. B-F, Less common variations. A dash (-) is used between branches t
branches arise from a separate orifice in the sinus (E, F). An asterisk is place
the most hazardous with an interarterial/intramural course of a branch. In thes
adventitia interposed. The orifice of the artery is commonly present in the dire
circumflex; L, left.
The Journal of Thoracic and CCoronary Artery Coding in Bicuspid Aortic Valves
Classification of coronary artery origin tends to be challenging when not
all 3 valvular commissures can be distinguished, as is the case in BAV. BAV
has recently gained increased interest because of the often concomitant
dilation of the ascending aorta in early adult life.22 Surgical treatment stra-
tegies focus on the possibility to predict development of aortic dilation
based on the types of aortic valve morphology. We have adopted and modi-
fied the Schaeffer and colleagues23 and Sievers and Schmidtke24 numeric
classification to 3 types based on which valve leaflets are conjoined and
whether or not a raphe can be distinguished. In contrast to the classification
by Sievers and Schmidtke,24 this adjusted classification does not specif-
ically mention the number of raphes. We propose that a numeric valve
annotation can also be used for BAV variations (Figure 7). It is generallynary arterial patterning, viewed from above. A, The normally encountered
hat derive from a separate sinus (A-D). A comma is interposed when the
d after an intra-arterial/intramural branch (E, F). Variation F is clinically
e cases, the artery commonly shares part of the aortic wall media with no
ct neighborhood of the facing commissure. R, Right; NF, nonfacing; Cx,





FIGURE 7. Schematic representation of classification in BAV disease with associated variations in coronary anatomy viewed from above (A-F), for
example, separate ostia of the left main stem (B, E). The supposed ‘‘nonfacing/noncoronary’’ part of the aortic leaflet in case of a strictly bicuspid valve





Congenital Gittenberger-de Groot et alassumed that in BAV, in which only 2 functional leaflets develop, there is a
fusion (or nonseparation) of 2 of the 3 leaflets. In the classification used in
the current article, type 1 has a joined right (facing sinus 1) and left (facing
sinus 2) semilunar sinus, whereas in type 2 the right (sinus 1) and the non-
coronary (nonfacing sinus) are joined. Type 3 is rarewith a fusion of the left
(sinus 2) and the nonfacing sinus (Figure 7). On the basis of the presence of
a commissural ridge or raphe or the complete absence of a raphe, the letter
A for presence (Figure 7, A-C) and B for absence (Figure 7, D-F) was
assigned.
The modified Leiden Convention coronary coding system can be used
in the majority of BAVs with a raphe (type A) based on the general rule
that in 99% of the hearts the coronary artery connects to a facing sinus 1
and 2 and the nonfacing sinus remains noncoronary. A single sinus cor-
onary origin has been reported to be rare in patients with BAV.25 The8 The Journal of Thoracic and Cardiovascular Surgermost common varieties observed in BAV are a left dominant coronary
anatomy26 and absence of a short left main stem (Figure 7, B and E),
which may complicate cardioplegia when this is not recognized. Coro-
nary coding is challenging in type B BAV (without raphe). Here,
reasoning could be reversed and the modified Leiden Convention could
be used to predict which leaflets have been fused or not separated during
development and thus could be decided whether it is a type 1-, 2-, or 3-
related morphology. The normal (tricuspid) aortic valve is composed of
2 ‘‘facing’’ leaflets and a facing commissure (facing the corresponding
pulmonary valve leaflets and commissure) and 1 ‘‘nonfacing’’ leaflet
(Figure 2, C and D). In case of type B BAV, we know that the most com-
mon form is type 1B.26 If this is the case, the ‘‘potential raphe’’ between
the coronary branches should point toward the facing commissure of the





Gittenberger-de Groot et al Congenital3B, 1 of the commissures of the BAV aortic valve points toward the fac-
ing commissure of the pulmonary valve, thus allowing distinction be-
tween type 1B and types 2 and 3B. It is more difficult to distinguish
between a type 2B and 3B. In this case, the clinically observed opening
pattern of the aortic valve should be assessed. After identification of the
(potential) nonfacing/noncoronary leaflet (red stars in Figure 7, D-F),
the Leiden Convention nomenclature can be applied. If determination
of valve morphology is inconclusive, a descriptive approach is recom-
mended. This should be added to the report of associated characteristics
(Figure 3, E). Data regarding coronary arterial patterning and origin in
BAV as related to BAV subtypes are scarce. Recently, our group pub-
lished data showing variations in left-right dominance26 and an
increased incidence of high take-off coronary arteries in BAV, compared
with CHD in general.27 This also belongs to the additional information
that needs to be provided to the modified Leiden Convention coding sys-
tem (Figure 3, E).
Associated CharacteristicsWith Respect to Coronary
Orifices, Course of Coronary Arterial Branches, and
Anatomic Variations
In some cases, it is necessary to describe a number of essential aspects of
coronary variations that may have an impact on the surgical treatment of
choice.
These include the following (Figure 3, E):
1. The presence of an intramural course in cases with an interarterial
branch, which is especially hazardous if it concerns the LCA branches.
2. The relative relationship of the great arterial orifices (Figure 1).
3. The eccentric positioning of an orifice in the horizontal plane is of
importance for the possibility to excise a proper button. Positioning
close to a valvular commissure and acute angle take-off are features
that hamper the procedure.
4. The degree of alignment of the facing commissures to determine the site
of repositioning the buttons of the new coronary orifice in an arterial
switch procedure.
5. The positioning of an orifice in a vertical plane above the sinotubular
junction, referred to as ‘‘high take-off,’’ often seen in concordance
with an acute angle take-off and a variable intramural course. This angle
is also influenced by aortic diameter; an acute angle can become more
outspoken with aortic dilation.28
6. The presence of a single, double, or common orifice for branches is an
essential part of preoperative knowledge.
7. Accessory branches that bud off the coronary sinuses should be indi-
cated, as well as the origin of the sinoatrial node branch and a possible
conal artery.
8. Information on right, left, or co-dominance of the coronary artery
system.CONCLUSIONS
Coronary arterial patterning is of relevance, especially
in the setting of CHD in which preoperative information
before the often complex surgery is mandatory. TGA
and DORV with subpulmonary ventricular septal defect
require special adjustments for the transfer of the coronary
arteries to the neoaorta, specifically in case of an interar-
terial/intramural course. In normally related great arteries,
the interarterial/intramural course of specifically the LCA
branches poses a life-threatening hazard that can be fatal
in young adults during athletic performances.9,10 We
propose an accessible unambiguous system based on the
modification of a previously developed and widelyThe Journal of Thoracic and Cimplemented coding system referred to as the ‘‘Leiden
Convention,’’ extending its use for several forms of
CHD and including information on origin and branching
patterns.Conflict of Interest Statement
Authors have nothing to disclose with regard to commercial
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